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Developmental process of wing degeneration in the tussock moth Orgyia recens 
(Hiibner) (Lepidoptera, Lymantriidae) 


Shuhei Nutsu* 


Department of Biological Science, Graduate School of Sciences, Tokyo Metropolitan University, 
Minami-Ohsawa 1-1, Hachioji-shi, 192-0397 Japan 


Abstract The adult female of the tussock moth, Orgyia recens, has vestigial wings. However, 
there was no difference in wing development between sexes until pupation. Even in the beginning 
of the pupal stage, females retained well-developed wing discs as large as those of males. Then the 
histological change of female pupal wing epithelia of this species was observed using light mi- 
croscopy. As a result, wing degeneration was observed in the female wing epithelium just after the 
adult differentiation began. Phagocytosis was also observed during the wing degeneration in the 
central large area of pupal wing epithelia. These results strongly suggest that the wing degeneration 
of O. recens was caused by programmed cell death. 
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Introduction 


Wing degeneration occurs among different lineages in Lepidoptera, and certain species of 
female moths are wingless, while males of the same species have morphologically and 
functionally normal wings (Nardi et al., 1991; Niitsu, 2001, 2003). There is no doubt that 
such apterous morphs have been secondarily derived from alate morphs in their evolution- 
ary history, because the loss of wings has occurred independently in various insects lineag- 
es. In the tussock moth Orgyia recens, belonging to the Lymantriidae, the adult males have 
normal wings (Fig. 1A). In contrast, the adult females have vestigial wings (Fig. 1B). 
However, both male and female pupae have well-developed wings (Fig. 2). Lobbia et al. 
(2003) clarified the precise endocrinological mechanism of wing degeneration in O. recens. 
They reported that ecdysteroid triggers wing degeneration, but little is known about the his- 
tological process of wing degeneration in this species. 


In this paper, I describe the process of wing degeneration in O. recens, and discuss the inter- 
action of apoptosis and phagocytosis. Although the degeneration in the wing size occurs in 
both forewings and hind wings, the present study focused only on the forewing. 


Materials and methods 


Collecting larvae 


Larvae of O. recens in various instars were collected at an apple orchard in Gifu, Japan. 
The larvae were reared on an artificial diet for Bombyx mori. All developmental stages of 
O. recens were maintained under 16h: 8h photoperiod (light: dark) at 20°C. Under these 
conditions, pupation occurs 2 days after the onset of wandering in the last larval instar. 


*Present address: Laboratory for Evolutionary Morphology, Center for Developmental Biology 
(CDB), RIKEN, 2-2-3, Minatojima-minamimachi, Chuo-ku, Kobe, Hyogo, 650-0047 Japan 
e-mail: shu-30@aioros.ocn.ne.jp 





NII-Electronic Library Service 


The Lepidopterological Society of Japan 


Wing Degeneration in Tussock Moth 297 


Histological observations 


For histological observations, the wing imaginal discs of larvae and pupal wings were re- 
moved from their bodies and were fixed with Karnovsky’s fixtative (2% paraformaldehyde 
+2.5% glutaraldehyde) buffered with 0.1M HCl-sodium cacodylate. They were post-fixed 
with 2% osmium tetroxide, dehydrated in a series of ethanol and propylene oxide, and em- 
bedded in Epon 812 (TAAB). Semi-thin sections (1 um thick) of the wing discs were pre- 
pared on a rotary microtome, mounted on microscopic slides, stained with Azur B. Tissues 
on slides were observed using an NIKON OPTIOHOT microscope. 


Results 


The female of O. recens did not show any symptoms of wing degeneration before pupation. 
It seemed that wing disc development, tracheation process, and cell proliferation, progress 
in the same way in both sexes until pupation (data not shown). Even immediately after pu- 
pation, the wings of both sexes appeared similar to each other; and the tracheal invasion 
into the wing was observed in female wings (Fig. 3A). As soon as adult development 
began, as marked by the retraction of wing epithelial cells from their pupal cuticle, the sur- 
face area of the female wing began to diminish (Figs 3B-C). 


To study the developmental process of O. recens wing degeneration, I dissected developing 
wings during early pupal stages and observed the tissue sections. The male wing develop- 
ment showed normal lepidopteran wing development (Figs 4A-D). In male wings, immedi- 
ately after pupation (Day 0) and 24 hours after pupation, no morphological changes were 
observed (Fig. 4A). Forty-eight hours after pupation, the male wing epithelium was de- 
tached from the sclerotized pupal cuticle (pupal case) (Fig. 4B). Seventy-two hours after 
pupation, the scales began to elongate from the male wing epithelium, and the wing vein 
also began to differentiate (Fig. 4C). Ninety-six hours after pupation, the upper and lower 
monolayer of the male wing epithelium became closely apposed along their basal surfaces 
(Fig. 4D). On the other hand, in female wings, immediately after pupation (Day 0) and 24 
hours after pupation, no morphological changes were observed in the cells of the central re- 
gions of the pupal wings (Fig. 3A). The wing epithelium was attached tightly to the pupal 
cuticle (Fig. 4E). The lumen between the upper and lower monolayers was filled with body 
fluid in which a small of number of hemocytes appear. The inner surface of the wing ep- 
ithelium was lined with the basal lamina. Forty-eight hours after pupation, the female wing 
epithelium was detached form the sclerotized pupal cuticle (pupal case) (Fig. 4F). Seventy- 
two hours after pupation, the female wings decreased to two-third of their original size (Fig. 
3B) and long scales appeared. Haemocytes became phagocytes and they also destroyed cel- 
lular debris which was thought to originate from wing epithelial cells (Fig. 4G). Ninety-six 
hours after pupation, the female wings had degenerated further (Fig. 3C). They decreased 
to about one-fifth of their original size and long scales developed (Fig. 4H). 


Discussion 


I showed that O. recens female pupae have fully developed wing cases and that female 
specific wing degeneration occurs during early pupal stages but not during larval stages. 
Phagocytotic figures were observed in females at 3 and 4 days after pupation. Nardi et al. 
(1991) also investigated the development of the female pupal wings in the wing-reduced 
whitemarked tussock moth, O. leucostigma, using electronmicroscopy. They suggested that 
programmed cell death occurs during the adult differentiation of the female pupal wings, 
but they did not describe phagocytosis. I speculate that in the case of O. recens, pro- 
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Fig. 1. Adults of Orgyia recens: wingless female (A) and male (B). 
Fig. 2. Lateral view of pupae of Orgyia recens. Male (A) and female (B). Arrowheads point the 
pupal wings. 





Fig. 3. Wings of female pupa of Orgyia recens in Day 0 (A), Day 3 (B) and Day 4 (C). The white 
arrows point the distal end of wing epithelium in the female. Scale bars: 1mm. 
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Fig. 4. Longitudinal sections of the pupal wings of Orgyia recens in Day 1 (A), Day 2 (B), Day 3 
(C), and Day 4 (D) in male. Figures also show in Day 1 (E), Day 2 (F), Day 3 (G), and Day 
4 (H) in female. c: pupal cuticle; h: hemocyte; s: scale; t: trachea; w: wing epithelium. 
Arrowheads indicate cellular debris ingested by hemocytes. 


grammed cell death also occurs. In the winter moth, Nyssiodes lefuarius, Niitsu (2001) in- 
vestigated programmed cell death in the pupal wings during the adult differentiation. 


Female-specific wing degeneration has been reported in several other Orgyia species. In O. 
dubia, the female has 5-6 larval instars and the male has 4-5 instars, but the female pupa is 
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entirely different from the male one; the female pupa is “vermiform” with no wing buds and 
the female adult is apterous (wingless) (Mostafa and Laila, 1969). In O. thyellina, the fe- 
male wings show seasonal dimorphsm. That is, the female autumn adults have short wings, 
while the female summer adults have normal wings (Sato, 1977). Since Orgyia is a genus 
containing many brachypterous (short wing) species and apterous (wingless) females, wing 
degeneration of females is general within the genus. 


However, the molecular and cellular mechanisms causing the female-specific winglessness 
are not yet understood. In the only report of Lobbia et al. (2003), they have demonstrated 
that female-specific wing degeneration in O. recens is induced directly by ecdysteroids 
(20E and E) in pupal wing culture. However, the fine endocrinological basis of the wing 
degeneration remains unknown. 
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THEY EIA BHA, FZ TED ICBISAMIBILF Ut A GEE) 


TREY FZ THEO MITE zRo FE CMAUBILL CWA. LE LEDS MRO E, ices 
¥ COMBE O3SAEINE (CMH CHIL AONE Dok. BMOMMORK ICY Td, HCIELAL 
l OVR ELEM EAL CIR. SOC, HEI BU ARLE PROM RE ODRA A 
DOr, TEATS Ic LAW OMB ei Tore. TORR TIEN FFA OWE Cis, RRM EER 
fe OR LZ ORL TV < ODS Stree. RR ICBC, MRRER PREORV REA C, MER 
MIC KARTE DRB SNK. COLEPOSTHAEY FZ THOME AMbLICBU 4 Bes, FUT 
F AMIE KABRCHSA CE ADR< REENA. 
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